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Abstract 
Sığacık Gulf is located in the southern part of the Karaburun Peninsula in the Aegean Region. This region is restricted by two 
important ridges; Karaburun and Seferihisar Ridges. In order to determine the geothermal and marine hot springs, marine shallow 
seismic and magnetic surveys were applied in 2011. Approximately 250 km seismic reflection data were collected by Dokuz 
Eylül-1 vessel. As preliminary results of seismic and magnetic surveys, authors suggest that Sığacık Gulf may have geothermal 
potential or hot water springs on the sea-floor. Determined negative gravity anomalies should be investigated with multi-
disciplinary surveys (CTD, marine-chemistry, side scan sonar, etc.). 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The geodynamic of the Western Anatolia is characterized by the several tectonic zones due to recent tectonic 
activity. Anatolian plate has been moving westward as a result of the continental collision of the Eurasian and 
African plates [1, 2]. The Anatolian plate, which is well-knowing zone of active crustal extension, is bounded by the 
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dextral right-lateral North Anatolian Fault Zone (NAFZ) in northern, the sinistrial East Anatolian Fault Zone 
(EAFZ) in south eastern, and the Hellenic subduction zone in southern. South of  the NAF can be described by a 
simple rigid body rotate in with a dominant E-W component and an average velocity of ≈ 24mm/yr, whereas the 
Aegean plate moves almost in a SSW direction with an average velocity of 35 mm/yr in southern parts [3].  
Additionally, paleo-magnetic works in Western Turkey and Aegean islands have revealed the horizontal rotation of 
some crustal blocks. In Western Turkey clockwise rotation on Karaburun peninsula west of Izmir by 44º in the last 
few Ma is detected, and anti-clockwise rotation of 37° for the Seferihisar region. Karaburun Peninsula has had three 
historical earthquake experiences as Doğanbey in 1992, Urla in 2003 and Demircili in 2005, due to the 
transformation predominantly under the control of strike-slip faults [4, 5]. But, especially, after the latest earthquake 
series occurred in Sığacık Bay in October 2005, the many researchers have focused on this region [6, 7, 8, 9, 10, 11, 
12, 13]. Sığacık 2005 earthquakes have occurred in right-lateral strike-slip faults in the regions predominant by N-S 
extension and E-W directional normal faults [6]. Focusing in the Karaburun Peninsula, the prominent features are an 
active right-lateral N-S trending Gülbahçe Fault (or called as Karaburun Fault in some articles) (GF), and the N-S 

























Fig. 1. a) The tectonic setting map of Turkey. It shows the westward escape of the Anatolian plate, resulting from the collision of 
Arabian plate with Eurasia plate (derived from [14]), b) The location of Western Anatolia and some parts of Aegean Sea, c) The 
simplified geological map, active faults in Sığacık Gulf’s surroundings, and the location of study area which represents with 
black box (derived from [15]).  
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Heat flow studies showed that the Curie depth range of Sığacık Gulf is 6 - 22 km, while to the Western Anatolia 
it is determined as 4-14 km [16]. According to these results, there is a great abundance of geothermal resource where 
both high heat flow, and shallow Curie depth. To investigate the active crustal deformation, the seismic reflection 
data was acquired in Sığacık Gulf [8, 9, 11, 17]. In order to investigate these special seabed formations and also the 
geothermal potential of Sığacık Gulf, marine surveys were carried out in 2011. For this purpose, firstly marine 
seismic (Sparker) and magnetic measurements were completed with Dokuz Eylül-1 vessel which belongs to Dokuz 
Eylül University (İzmir-Turkey). As a result of shallow seismic survey, active faults are determined in the near 
seabed surface. The seismic sections revealed both the lens structures represented as current accumulation areas, and 
deformation areas in upper-unit. Moreover, this paper includes the free air gravity and topography maps which were 
prepared using TOPEX satellite data. Bathymetry map of the Sığacık Gulf was generated from the bathymetric map 
of Çeşme Strait and Dilek Strait (1:100.000) prepared by the Department of Navigation, Hydrography and 
Oceanography of the Turkish Navy (Fig.2). Collected magnetic data has been evaluated by 2D graphics.  
2. The Geological Setting  
Surroundings of the Sığacık Gulf have been investigated by many researchers carrying out land geological 
surveys since 1911s. The first geological survey of entire Karaburun Peninsula was carried out by Phillipson in 
1991. He prepared a geological map of this region, and correlated formation there with those of Greece and the 
Chios Island [18]. Study region is located on the Izmir-Balıkesir Transfer Zone (IBTZ) which is defined as one of 
the major accommodation zone [19]. This zone is defined as a surface expression of a tear subducting African Slab 
[20]. Additionally, IBTZ is a NE-SW trending strike-slip dominated shear zone which marks the western 
termination of E-W striking grabens (such as Gediz, Büyük and Küçük Menderes) [15, 21, 22]. In looking at the 
region's general enviroment, Karaburun Peninsula was considered as the part of Anatolide-Tauride Block of Turkey, 
and also was stated that this structure contains clastic and carbonates sequences deposited on the northern margin of 
Gondwana [22]. Peninsula was divided into two main structures such as Karaburun Belt in western part, and Izmir-
Ankara-Erzincan Suture in eastern part. Some distinct tectono-stratigraphic units were defined as the Late 
Palaeozoic-Early Mesozoic units in the Aegean region, and one of these units is the Izmir-Ankara-Erzincan Suture 
including the Karaburun Belt [23, 24, 25, 27]. The study area is widely covered by the Mio-Pliocene and younger 
units according to the generalized geological map [9]. It is determined that there are Pre-Miocene basement which 
consists of the Silurian, Carboniferous, Triassic, and Cretaceous rocks, crops out along Seferihisar and Karaburun 
ridges. However, it shows an area which is covered widely by the Mio-Pliocene units and Pre-Miocene basement 
which consist of the Silurian, Carboniferous, Triassic and Cretaceous rocks, crops out along high elevated areas 
such as the Karaburun, Seferihisar, and Kuşadası ridges [8].  Middle-Triassic Jura unit includes Camiboğazı, 
Güvercinlik and Nohutalan formations. Güvercinlik formation consists of laminated stromatolitic dolomite, 
limestone with megalodons, and red sandstone lenses. The Nohutalan formation composed of dolomitic and grey 
limestone formation with smooth and well bedding is overlain on this formation [28]. Nohutalan formation can be 
seen in the North of Balıklıova, around Barbaros village and İçmeler (Urla), which was formed in shallow marine 
platform conditions [23].  Lower-Middle Miocene crops out to place to place or constant series in the south of 
Seferihisar which covered quite wide areas in Urla province and its surroundings. On the other hand, this unit is 
investigated under the name of Çamlı conglomerate (Lower Middle Miocene sediment – subunit which consists of 
conglomerate having reddish and grayish colour, locally claystone, mudstone, and litharenite [29]. However, this 
formation is divided into three levels, which are (1) derived from flysch and conglomerate blocks, (2) irregularly 
bedded conglomerate, gravelly mudstone, and litharenite, (3) regularly bedded conglomerate, litharenite, mudstone, 
and claystone. Lower-Middle Miocene sediment (upper-unit) is defined by the Urla limestone units, which are made 
up of mainly whitish limestone, marl and claystone, little litharenite and unit made by tuff [29]. Upper Senonian 
having two different stratigraphic structures seen in Demircili district, close to Urla, in between Balıklıova-
Güzelbahçe and Seferihisar-Doğanbey-Payamlı in study area. Upper Senonian in Balıklıova's surrounding was 
overlaid by Triassic-Lower Cretaceous series with angular unconformity, a thin carbonate in base, flysch facies 
detrial sedimentary at the top. This unit is named as Balıklıova formation, which was formed in a shallow-marine 
carbonate-depositing environment at its lovermost part [23].   
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3. The Seismological and Geomorphological Setting  
Aegean Region is a continental extensional area which was deformed by the effect of extensional forces in N-S 
direction [30, 31, 32]. Anatolia plate moves towards the SW direction with a velocity of approximately 2.0 cm/year 
because of convergence of African, Eurasian and Anatolian plates which bordered by East Anatolian Fault (EAF) 
and North Anatolian Fault (NAF) [12]. This movement is NE and SW directional by effect of the subduction of 
Mediterranean oceanic lithosphere along Hellenic arc in the Aegean Region [33]. However, this mass loss caused 
that the Aegean Sea and its surroundings have been deformed under the effect of N-S directional extension [34], 
whereas this movement caused the E-W directional compression, and thus the important graben structures were 
formed along these regions. All tectonic movements were caused the tectonic activity and many historical 
destructive earthquakes. [35]. Especially, large fault systems in between Izmir and Balıkesir indicated by left or 
right lateral strike-slip fault mechanisms [36, 37]. 
 
Fig. 2. The bathymetry map of Sığacık Gulf (derived from Çeşme Strait and Dilek Strait (1:100.000) Department of Navigation, 
Hydrography and Oceanography of the Turkish Navy)  
Three major earthquakes were occurred in Doğanbey (1992), Urla (2003), and Sığacık (2005) in Karaburun 
Peninsula. According to Gürçay et al [6] indicated that Sığacık Gulf earthquakes series (October 2005) was 
responsible for right lateral strike-slip faults in the regions predominated by N-S extension and E-W directional 
normal faults, while Sözbilir et al [7] defined that the reason of these earthquakes is as a flower structure developed 
in the faults in between Karaburun Peninsula and Seferihisar uplifts. However, the existence of a structure “V” 
shaped narrowing from the north to south of Sığacık Gulf in terms of Sığacık earthquakes series (17-20 October 
2005) [38]. Those main shocks and aftershocks have been occurred in the conjugated fault system formed by two 
strike-slip faults [39]. Focus mechanism analyses of three intermediate magnitude occurred in recent years in Izmir 
and its surroundings have been deformed predominantly under the control of strike-slip faults [39, 40, 41]. Looking 
at generally regional fault properties, the gulf is limited by Gülbahçe (GF), Seferihisar (SF), Urla (UF), and Tuzla 
(TF) faults. These faults are responsible for the intense Sığacık 2005 earthquake series (839 earthquakes reported in 
October 17–31, 2005) [13]. Gülbahçe Fault is most important line for the separation as the structural and 
morphological to Karaburun Peninsula with Izmir Gulf. Earthquake epicentres are mostly concentrated along the 
southern part of this fault [42]. This line extends about 15 km on land, and continues to the north and south under 
the sea. This structural zone formed by parallel and sub-parallel faults between Karaburun Peninsula and Gulf of 
Izmir, and also fault length reaches to 70 km along with the submarine portion. Active right-lateral strike-slip 
Seferihisar Fault is the N20°E trending between the Gulf of Sığacık and Güzelbahçe, and this length is 
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approximately 30 km (Fig. 3).  Karaburun Fault has been defined to be strike-slip fault, which is located on between 
the Sığacık Gulf and Gülbahçe province in southwest of Izmir. Marine surveys determined the south part of this 
fault extended to the sea.  
 
 
(a)                                                    (b) 
Fig. 3. a) TOPEX topography map and b) TOPEX satellite free air gravity anomaly map of Sığacık Gulf and its surroundings 
 
     Its length on land is 23 km, and this length reaches to 70 km along with the submarine portion. Tuzla Fault Zone, 
located in between Gaziemir and Doğanbey in southwest Izmir, is in NE-SE general direction, and its terrestrial 
length is 42 km, whereas total length is more than 50 km. However, it is determined that Tuzla fault caused the 
Doğanbey earthquake in 1992. 
4. Bathymetry Map of Study Area  
In order to prepare of bathymetry map used the depth map of Çeşme and Dilek Straits (1:100.000) prepared by 
the Department of Navigation, Hydrography and Oceanography of the Turkish Navy. The bathymetry map is 
generated digitizing depth informations using SURFER 10 software. Elevations in this map are in range from -20 m 
to -320 m, and digitized with 40 m intervals (Fig.2). Especially, contour intervals were intensified around Teke Cape 
in western part by the effect of the topographical uplift. Sığacık Gulf’s coastal zone depth is -20 m, the maximum 
depth is -220 m in offshore sea. 
5. Data Acquisition and Processing 
In order to evaluate the seismic and magnetic data, firstly the topography and the free air gravity maps were 
generated using TOPEX satellite data. According to this topography map, it is showed clearly that gulf was 
restricted with Karaburun and Seferihisar ridges. Seferihisar uplift with approximately 1000 m height is observed, 
while Karaburun uplift has approximately 500 m height according to Fig. 3a. The free air gravity map revealed that 
Karaburun and Foça ridges have high gravity anomaly (88-120 mGal) because of high topographic values. The 
decrease in topographic values is observed in sea level (-200 m depth), and this is reached to maximum seafloor 
depth in Ikaria Basin which is located on the offshore of Sığacık Gulf. A reduction in topography is observed up to 
the sea level in the middle of Karaburun Peninsula, but the south Karaburun has increased values. Anomaly 
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amplitudes on Bouger gravity anomaly map in Fig. 3b change in the range of a value of 10 mGal. Minimum Bouger 
gravity anomaly values are compatible with minimum topographic values in the south of Karaburun Peninsula. The 
amplitudes with high gravity values are observed predominantly with north-south and north-east-southeastern 
extension [12]. Generally, the consistency of obtained free air gravity anomaly with the topography on terrestrial 
region can be observed clearly.  
 
Fig. 4. Locations of seismic lines and major active faults in study area (Coordinates are in UTM – WGS84, Zone 35) 
In order to investigate geothermal and hot water outlets on the seafloor, the shallow seismic and magnetic 
surveys were applied in Sığacık Gulf. Marine surveys were completed on-board Dokuz Eylül – 1 vessel belongs to 
Dokuz Eylül University in October 2011. Approximately 250 km seismic reflection data collected along 27 lines 
(Fig. 4). These lines are grouped as E-W (sp code) and N-S (spx code) direction. During seismic survey, the SIG 
Seismic Marine ELC 80 (4 kV & 3.2 KV DC) equipment, which has 1 channel, 12 hydrophones with 17 m streamer, 
was used as the marine seismic sources. 
The seismic data were processed using PROMAX software in SeisLAB in the Institute of Marine Science and 
Technology in the Dokuz Eylül University. A conventional data processing stream was applied to seismic data as 
follows: band pass filter, bottom mute, top mute, true amplitude recovery, time migration. Penetration depth in 
seismic sections is maximum 90 m. As a result of seismic survey, the seismic sections revealed the sediment 
accumulation regions (lens structures), and determined in approximately 100-120 m depth, when its length is 
calculated as 120-770 m. These structures formed by effect of sediment accumulation of old delta or sea level 
changes [11]. This region is compiling with topographical change, and lies as an arc shape towards from east to 
west. We suggest that this structure should be investigated about these accumulation areas in order to understand the 
geomorphologic and geological structure of Sığacık Gulf.  
 
Two main stratigraphic units in Sığacık Gulf, separated by an erosion surface, are distinguishable from the multi-
channel seismic sections [9]. The low unit is referred to as acoustic basement and is more or less parallel to wavy 
reflectors, while its top marked, by a high-amplitude reflection indicating an abrupt erosional unconformity. This 
erosion surface seem to be correlated with that identified person who suggested that the boundary between the 
Miocene and older sequences in below, and the Pliocene and younger sequences in above. According to this survey, 
the upper seismic unit is determined as basin deposits, which overlap onto this erosion surface. Unit generally 
exhibits parallel reflectors with conformity, but these are often disturbed by faults. These units interpreted as the 
Miocene and older rocks, and the Plio-Quaternary deposits, respectively. The area is deformed generally by active 
and strike-slip faults whose directions are N-S and W-E.   



































Fig. 5. Spx 11 and spx12 seismic lines  
 
Spx11 and spx12 S-N seismic lines (Fig. 5) revealed the presence of the NE-SW direction strike-slip faults in the 
south of study area. Moreover, these faults were to one of the branches of Urla Fault (UF) having an active fault 
feature [9, 11]. Spx11 seismic line shows the topographic rise in the near region of Uzunada peninsula from the 
north to the south, while spx12 seismic line does not see this uplift. Sp10 and sp11 E-W seismic lines located on the 
south of study area (Fig. 6). Two sections are seen that the acoustic basement rise to towards terrestrial region 
thanks to active faults which dominated in the south and east of gulf. Faults in these sections are interpreted as NE-
SW direction strike-slip fault which are perpendicular of E-W seismic sections. It is thought that these fault 




























Fig. 6. Sp10 seismic line  
 
The marine magnetic survey was applied using SDM 4000 magnetometer of Shark Marine Technologies 
Company. Magnetic data was collected along same seismic lines in Sığacık Gulf. Collected data has been examined 
to evaluate with 2D graphics. Although the magnetic anomaly increased generally towards terrestrial regions, some 
magnetic graphics revealed the negative anomaly values in these regions in sp05 and sp09 lines. Sp05 magnetic line 
revealed approximately -5 nT magnetic values in the west of study area, while these values increased as an upward 
curve towards to the east. This increase is evaluated as the influence of the terrestrial region. Sp09 line has generally 
20 nT magnetic anomaly, whereas the sudden change was observed in east region which is closed to terrestrial 
region. Therefore, authors suggested that the further detailed investigations should be made in the field having the 
negative magnetic anomaly. 
Conclusions 
In the Western Anatolia, especially the Aegean Region has many important geothermal fields in land or sea. 
Marine geothermal regions are located in the coastal zone along from south (Gökova Gulf) to north (Edremit Gulf). 
One of these marine regions is the Sığacık Gulf which lies in Karaburun Peninsula including Gülbahçe (30-36°C), 
Çeşme (42-59°C), and Seferihisar (59-68°C). At the same time Sığacık Gulf’s heat flow is range from 100 to 120 
mW/m² which higher than other regions. Therefore the extensions of geothermal fields on land (B. Menderes, 
Gediz, Dikili and Bakırçay areas) must be investigated at the offshore areas. For the purpose of this survey, at the 
first time in literature, the marine magnetic survey was applied in Sığacık Gulf. As preliminary results of seismic 
and magnetic surveys, authors suggest that Sığacık Gulf may be have geothermal potential or hot water springs on 
sea-floor because of having negative magnetic gravity anomaly and active fault systems. This negative gravity 
anomaly should be investigated with further detailed surveys (CTD, ROV, marine-chemistry, side scan sonar, etc.). 
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